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Description 

The present invention relates to pumping 
apparatus. In particular, the present invention 
relates to disposable pump chambers for volu- 
metric infusion pumps for administration of 
intravenous (IV) fluids and to pumps incorporat- 
ing such disposable pump chambers. 

To improve health care, there has been con- 
siderable effort with regard to the administration 
of intravenous (IV) fluid. For many years IV solu- 
tions were administered only by the force of 
gravity. The volume rate was measured by count- 
ing the number of drops per minute. In many 
instances this method proved unsatisfactory. 
Drop size is directly proportional to surface ten- 
sion, which is affected by viscosity, temperature, 
type of solution, and also drop size is affected by 
the speed at which the drop forms. The drop rate 
is affected by the gravitational force and the 
restrictions of the tube and needle. If a tube is 
partly occluded, the drop rate will decrease or as 
the IV supply decreases the hydrostatic pressure 
will decrease causing a decrease in drop rate. In 
many cases, therefore, the variability of both the 
drop size and the drop rate (both of which are for 
the most part beyond the control of the operator) 
makes this method of administration of intraven- 
ous fluid unsatisfactory. 

Improvements have been made by adding an 
electronic drop counter together with either a 
controller or a peristaltic pump. The electronic 
drop counter and controller combination controls 
the drop rate but makes no improvements in 
controlling drop size, and also has the deficiency 
of not being able to control drop rate if back 
pressure increases beyond the hydrostatic forcing 
pressure. The electronic drop counter and peri- 
staltic pump combination increases the forcing 
pressure but lacks an accurate metering method. 

Improvement in metering method results with 
the use of displacement pumps, which offer the 
capability of greater precision in controlling IV 
flow rates than is possible with the prior art IV 
controllers which depend on gravity. These 
pumps, in addition to metering the fluid, also 
apply positive pressure to the fluid or the IV 
tubing. The displacement pump can generally be 
categorized as peristaltic (such as described in 
US— A— 3,737,251 by Berman et al) or piston- 
cylinder (such as described in US — A— 3,985,133 
by Jenkins et al) or pulsating (such as described in 
US— A— 3,874,826 by Lundquist). 

The peristaltic pump, although generally an 
improvement over the prior art, has a number of 
disadvantages. First the peristaltic action results 
in friction, which precludes administering whole 
blood because it causes damage to the blood 
cells. Second, the peristaltic action involves 
stretching an elastomer material, which may 
allow air to enter the IV solution. Third, stretching 
an elastomer material in a peristaltic manner does 
not lend itself to an efficient use of energy. 
Because of the ambulatory patient and possibility 
of a loss of power, a battery backup for the pump 



is required, and it is desirable therefore that the 
pump be as efficient as possible. 

The piston-cylinder pumps of the prior art 
provide for accurate metering and positive 

5 pressure, but also have several disadvantages. 
First, because intravenous therapy requires that 
the pump maintain a germ-free barrier, and cost 
prohibits cleaning and sterilization after each use, 
the pumping chamber must be disposable and 

io inexpensive to manufacture. This has been 
difficult to achieve with the prior art piston- 
cylinder pumps. To reduce manufacturing costs, 
some prior art pumps use only one chamber and 
two valves. This requires that the pump cycle 

15 have two parts, a fill, and an empty; therefore, IV 
therapy is interrupted during the fill portion of the 
cycle. Second, some of the prior art piston- 
cylinder pumps have difficulty meeting the 
requirements of providing reliable and germ-free 

20 seals against sliding surfaces. Third, the friction of 
a piston-cylinder pump is a cause for reduced 
efficiency. 

The pulsating pumps provide a continuous 
pulsing flow, but also have significant dis- 

25 advantages. First, the self-contained valving of 
these pumps has added to the complexity and 
expense of the disposable pump chamber. 
Second, the pulsing action against a spring load 
or an elastomer material does not lend itself to 

30 efficient operation. 

US— A— 3 518 033 (Anderson) and US— A— 
4 039 269 (Pickering) disclose metering pumps 
using resilient or flexible tubing but provide an 
intermittent flow and are unsuitable for IV 

35 therapy. 

US— A— 3 809 507 by Baglai describes a pump 
which is not intended specifically for use in IV 
therapy, but which does provide a continuous 
pulse-free flow. The valves in this pump are either 

40 located on moving parts or located at a fixed 
location and connected by a flexible tube. This 
approach does not lend itself to an economical 
disposable pump chamber as is required for IV 
applications. Also, without the valves biased or 

45 powered, the pump in the off condition may 
continue to supply fluid (i.e. it suffers from 
"siphoning"). This is an unsafe condition for IV 
therapy. 

Another general problem with the prior art IV 

so equipment is that no way is provided to select and 
sense the back pressure at which an alarm will 
sound. Therefore the patient, in case of an Infiltra- 
tion, is subjected to the maximum back pressure 
that the pump is able to supply. Often this 

55 pressure is beyond the safe limits for a particular 
patient or application. 

According to one aspect of the present inven- 
tion, an integral disposable pumping chamber 
through which fluid is pumped from an inlet to an 

60 outlet is characterised in that the integral dispos- 
able pumping chamber includes a first portion of 
flexible material and a second portion forming a 
sealed main flow passage therebetween which 
extends between the inlet and the outlet wherein 

65 the seated main flow passage includes a first 



2 



3 



0 024 431 



4 



flexible rolling diaphragm pumping chamber and 
a second flexible roiling diaphragm pumping 
chamber, wherein the second flexible rolling dia- 
phragm pumping chamber is positioned between 
the first flexible rolling diaphragm pumping 
chamber and the outlet wherein the first portion 
of flexible material has a first flexible rolling 
diaphragm extending outward to form the first 
flexible rolling diaphragm pumping chamber and 
wherein the first portion has a second flexible 
rolling diaphragm extending outward to form the 
second flexible rolling diaphragm pumping 
chamber, wherein the main flow passage has a 
first flexible passage section connected between 
the inlet and the first flexible rolling diaphragm 
pumping chamber and capable of being restricted 
to limit flow between the first flexible rolling 
diaphragm pumping chamber and the inlet and 
wherein the main flow passage has a second 
flexible passage section connected between the 
first and second flexible rolling diaphragm pump- 
ing chambers and capable of being restricted to 
limit fluid flow between the second flexible rolling 
diaphragm pumping chamber and the first flex- 
ible rolling diaphragm pumping chamber. The 
first and second passage sections may be flexible 
sections which are capable of being constricted. 
The pumping chamber may further include a third 
flexible rolling diaphragm chamber connected 
between the second flexible rolling diaphragm 
pumping chamber and the outlet 

The invention furthermore includes within its 1 
scope the combination of the disposable pump- 
ing chamber as described above with a pump 
characterised in that the pump comprises a pump 
housing for receiving the disposable pumping 
chamber; a first cylinder in the housing 
positioned to receive the first flexible rolling 
diaphragm; a second cylinder in the pump hous- 
ing positioned to receive the second flexible 
rolling diaphragm; a first piston movable in the 
first cylinder; a second piston movable in the 
second cylinder; first valve means for controllably 
constricting the first flexible passage section to 
control fluid flow between the inlet and the first 
flexible rolling diaphragm pumping chamber; 
second valve means for controllably constricting 
the second flexible passage section to control the 
fluid flow between the first flexible rolling dia- 
phragm pumping chamber and the second flex- 
ible rolling diaphragm pumping chamber; and 
drive means for causing relative motion of the 
first cylinder and the first piston and relative 
motion of the second cylinder and second piston 
to vary the volumes of the first and second 
flexible rolling diaphragm pumping chambers; 
and valve control means for controlling the first 
and second valve means such that one of the first 
and second flexible passage sections is con- 
stricted at all times. 

By proper selection of the volumes of the first 
and second flexible rolling diaphragms and the 
drive rates by which the volumes are varied, a 
pulse-free output can be produced. 
For intravenous feeding applications, it is 



important that siphoning does not occur when the 
pump is stopped for any reason. In the preferred 
embodiments, the present invention controls the 
first and second valves so that at least one valve is 

s closed at all times. As a result, fail safe operation 
of the pump is achieved. 

The present invention also preferably includes 
a third flexible diaphragm chamber between the 
second flexible rolling diaphragm pumping 

io chamber and the outlet of the disposable pump 
chamber. Back pressure is sensed by movement 
of the third flexible rolling diaphragm chamber. 

In the case of use in intravenous feeding, it is 
important to sense the presence of any air bub- 

is bles in the fluid being pumped. The present 
invention also preferably includes an air detection 
system which measures dielectric constant at two 
different positions of the disposable pump 
chamber as fluid is pumped. As air passes 

20 through the disposable pump chamber, the 
change in dielectric constants between the two 
locations is sensed, and an alarm is provided. 

Figure 1 is a perspective view of a preferred 
embodiment of the intravenous pump and dis- 

25 posable pump chamber of the present invention; 
Figure 2 is a perspective view of the IV pump 
and disposable chamber, with the pump housing 
open and the disposable pump chamber 
removed; 

30 Figures 3A, 3B and 3C are top, side and bottom 
views of a preferred embodiment of the dis- 
posable pump chamber; 

Figure 4 is a sectional view of the disposable 
pump chamber along section 4 — 4 of Figure 3A; 
35 Figure 5 is a sectional view of the disposable 
pump chamber along section 5 — 5 of Figure 3A; 

Figure 6 is a sectional view of the disposable 
pump chamber along section 6 — 6 of Figure 3A; 
Figure 7 shows a sectional view of the IV pump 
40 along section 7 — 7 of Figure 1 ; 

Figures 8 and 9 are detail views showing the 
encoder apparatus of the IV pump; 

Figure 10 is a sectional view of the IV pump 
along section 10—10 of Figure 7; 
45 Figure 1 1 is a top view of the cam housing of 
the IV pump; 

Figure 12 is a detail view showing a back 
pressure contact; 
Figure 13 is a sectional view along section 
60 13 — 13 of Figure 7; 

Figure 14 is a top view of the diaphragm 
enclosure of the IV pump; 
Figure 15 is a sectional view along section 

15 — 15 of Figure 14; 

65 Figure 16 is a sectional view along section 

16— 16 of Figure 14; 

Figure 17 is a rear view of the IV pump; 
Figure 18 is a top view of the IV pump; 
Figure 19 is a front view of the IV pump, with a 
60 portion of the latch broken away; 

Figure 20 shows the four cams used to drive the 
first and second valves and the first and second 
pistons of the pump. 
In Figures 1 and 2, perspective views of an IV 
65 pump including a disposable pumping chamber 
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are shown. As illustrated in these figures, the IV 
pump does not include an outer housing which 
typically encloses a pump, as well as associated 
control circuitry. This outer housing has been 
removed and the control circuitry is not shown for 
the purpose of simplification of illustration. 

The pump shown in Figures 1 and 2 includes 
disposable pump chamber 10 and housing 12. 
Inlet tubing 14and outlet tubing 16 are connected 
at opposite ends of disposable pump chamber 10. 
Inlet tubing 14 is connected to a reservoir (not 
shown) of IV liquid, and outlet tubing 16 supplies 
the IV liquid from the pump to the patient (not 
shown). 

In the preferred embodiments of this IV pump, 
the pump is oriented in a vertical rather than a 
horizontal orientation as shown in Figures 1 and 
2. The vertical orientation has inlet tubing 14 
entering the pump at the bottom and outlet 
tubing 16 leaving the pump at the top. This 
orientation of the pump is preferred, since it 
prevents air from accumulating in the lines during 
the initial set-up and purging of the IV system. 

IV therapy requires that the pump maintain a 
germ-free barrier. As a result disposable pump- 
ing chamber 10 is used for one IV application and 
then discarded. Pump housing 12, on the other 
hand, does not physically contact the IV liquid, 
and may be reused many times. Pump housing 12 
includes a hinged top cover 18 which may be 
open, as shown in Figure 2, to permit insertion 
and removal of disposable pumping chamber 10. 

Hinged latch 19 latches the pump in a closed, 
operative position. When hinged latch 19 is pulled 
downward, as shown in Figure 2, top cover 18 
may then be pivoted open by grasping latch 20. 
As shown in Figure 2, latch 20 has a hole 20A 
which engages latch pin 21 . 

As shown in Figures 1 and 2, the pump housing 
12 further includes a diaphragm enclosure 22 
which, together with top cover 18, receives and 
holds disposable pump chamber 10. Underlying 
diaphragm enclosure 22 is cam housing 23, which 
supports the motor, cam shaft, and valve and 
piston rods of the IV pump. 

In the preferred embodiments, diaphragm en- 
closure 22 is spring mounted to cam housing 23, 
so that when latch 19 and latch 20 are both dis- 
connected, diaphragm enclosure 22 moves away 
from cam housing 23. As will be discussed in 
further detail later, this ensures that all pistons 
and valves are sufficiently displaced from the top 
surface of diaphragm enclosure 22 so that dispos- 
able pump chamber 10. may be inserted regard- 
less of the position of the valves and pistons in 
the particular pumping cycle. 

As shown in Figure 2, disposable pump 
chamber 10 contains three flexible rolling dia- 
phragm chambers 24, 26 and 28 which protrude 
downward from the lower surface of disposable 
pumping chamber 10. Chambers 24 and 26 are 
first and second pumping chambers, respectively 
while chamber 28 is a pressure monitoring 
chamber which moves in response to back 



pressure on the fluid passing from chamber 10 
through outlet tubing 16. 

In normal use, IV fluid is supplied through inlet 
tubing 14 to first rolling diaphragm pumping 

5 chamber 24. It is then pumped into second rolling 
diaphragm pumping chamber 26, through 
pressure sensing chamber 28, to outlet tubing 16 
and from there to the patient. In the preferred 
embodiments, first and second rolling diaphragm 

w pumping chambers 24 and 26 are driven in such a 
manner that the output flow of IV fluid through 
outlet tubing 16 is essentially pulse-free and at an 
accurate controlled flow rate. 
Diaphragm enclosure 22 includes first, second 

15 and third cylinders 32, 34 and 36 which receive 
the downwardly projecting rolling diaphragm 
chambers 24, 26 and 28, respectively, of dispos- 
able pump chamber 10. First piston 38 is movable 
within first cylinder 32 to vary the volume of 

20 rolling diaphragm pumping chamber 24. 
Similarly, second piston 40 is movable within 
second cylinder 34 to vary the volume of second 
flexible rolling diaphragm pumping chamber 26, 
Both first piston 38 and second piston 40 are 

25 motor driven, as will be discussed later. Unlike 
first and second pistons 38 and 40, third piston 42 
is not motor driven, but rather is movable within 
third cylinder 36 in response to fluid pressure 
within pressure sensing chamber 28. 

30 First and second vaives 44 and 46 are also 
provided within diaphragm enclosure 22. First 
valve 44 is positioned between the end of inlet 
tubing 14 and first flexible diaphragm pumping 
chamber 24, First valve 44 is motor driven, and 

35 when in its uppermost position, pinches off the 
flexible portion of disposable pumping chamber 
10 between inlet tubing 14 and first pumping 
chamber 24. When in its lowermost position, first 
valve 44 permits fluid flow from inlet tubing 14 to 

40 first pumping chamber 24. 

Similarly, second valve 46 is positioned be- 
tween first flexible diaphragm pumping chamber 
24 and second flexible diaphragm pumping 
chamber 26. The second valve 46 is also motor 

45 driven, and when in its uppermost position, 
pinches off the flexible portion of disposable 
pumping chamber 10 between the first flexible 
diaphragm pumping chamber 24 and second 
flexible diaphragm pumping chamber 26. When 

50 in its lowermost position, second valve 46 permits 
fluid flow from the first pumping chamber 24 to 
the second pumping chamber 26. 

Also shown in Figure 2 are alignment pins 48 
and 50, which mate with alignment holes 52 and 

65 54, respectively, in disposable pump chamber 10. 
Alignment pins 48 and 50, together with align- 
ment holes 52 and 54, assure that disposable 
pump chamber 10 can be inserted into the pump 
housing 12 quickly and in only one orientation. 

60 Downwardly projecting rolling diaphragm cham- 
bers 24, 26 and 28 also provide alignment; there- 
fore the pump may be constructed without align- 
ment pins 48 and 50. In the preferred embodiment 
shown in Figure 2, alignment hole 52 is an 

65 



4 



7 



0 024 431 



8 



essentially circular hole, while alignment hole 54 
is an elongated hole. In this embodiment, align- 
ment pin 48 and alignment hole 52 provide the 
indexing of disposable pump chamber 10, and 
hole 52 is positioned over alignment pin 48 prior 
to alignment hole 54 being placed over alignment 
pin 50. 

Another important feature of the illustrated 
embodiment is the ability to sense the presence 
of air bubbles in the IV fluid. Air bubbles present a 
danger to the patient receiving IV therapy, and an 
alarm must be provided to indicate the presence 
of air bubbles in the fluid. As shown in Figure 2, 
the embodiment shown includes first and second 
electrodes 56 and 58, which are positioned on the 
bottom surface of top cover 18. Terminals 60 and 
62 are connected to electrodes 56 and 58. Con- 
nected to diaphragm enclosure 22 is common 
electrode 64. Bolts 66 and 66a fasten common 
electrode 64 to diaphragm enclosure 22 and 
provides electrical connection to common elec- 
trode 64. 

By measuring the capacitance between first 
electrode 56 and common electrode 64 and also 
the capacitance between second electrode 58 and 
common electrode 64, the presence of an air 
bubble passing through disposable pump 10 can 
be sensed. Electronic circuitry (not shown) is 
connected to terminals 60, 62 and 66 to detect the 
difference in dielectric constant between elec- 
trodes 56 and 58 and common electrode 64 on the 
opposite side of disposable pump chamber 10. 
When an air bubble passes between first elec- 
trode 56 and common electrode 64, the electronic 
circuitry becomes unbalanced, thereby causing 
an alarm to sound. 

In the preferred embodiments of the IV pump, 
top cover 18 is a clear, optical grade, plastic 
material such as a Plexiglas or similar acrylic 
plastic. Because top cover 18 is clear, the medical 
personnel are able to view the fluid as it is passing 
through the pump to determine whether any air 
bubbles are present. This is important during the 
initial setup and purging of the system, since the 
medical personnel must make sure that all air is 
out of the system prior to connecting the IV equip- 
ment to the patient. The present invention per- 
mits the medical personnel to view the fluid as it 
is pumped during the initial setup stage. 

Positioned below latch post 21 is switch 68, as 
best illustrated in Figure 2. When top cover 18 is 
closed, and latch 19 is in closed position (as 
shown in Figure 1) arm 70 of switch 68 engages 
the inner surface of latch 19 thereby closing 
switch 68. Electrical circuitry (not shown) senses 
whether switch 68 is closed and thereby deter- 
mines whether the pump is ready to operate. Only 
when switch 68 is closed will the pump be 
allowed to operate. This prevents actuation of the 
pump when cover 18 is not securely closed, and 
diaphragm enclosure 22 is held in its operating 
position proximate cam housing 23. 

Leaf spring 72 is used to apply a small pressure 
to the channel 74. of diaphragm 10 so that if a 



negative pressure exists at the output of the 
diaphragm, channels 24, 26 and 28 will not col- 
lapse. The pressure is just enough to overcome 
the compliance of the channel of the diaphragm. 
5 The negative pressure ensures that the channel is 
closed. Therefore, only a small amount of 
pressure is required to overcome the force of the 
leaf spring 72. 
The operation of the IV pump of the present 
to invention is generally as follows. Pistons 38 and 
40 are driven so that when piston 38 is moving 
downward, piston 40 is moving upward. 
Similarly, when piston 38 is moving upward, 
piston 40 is moving downward. At the same time, 
is valves 44 and 46 are driven so that at least one of 
the two valves is closed at all times. When piston 
38 is moving downward, valve 44 is down, while 
valve 46 is up. Conversely, when piston 38 is 
moving up, valve 44 is in its uppermost position 
20 and valve 46 is in its lowermost position. 

For the purposes of illustration, it will be 
assumed that a typical pumping cycle starts when 
piston 38 and valve 44 are in their uppermost 
position, and piston 40 and valve 46 are in their 
25 lowermost position. First, valve 46 closes. 
Second, valve 44 moves downward to open. 
Piston 38 then begins moving downward, thereby 
increasing the volume of first flexible rolling 
diaphragm pumping chamber 24. The downward 
30 movement of piston 38 draws fluid from the 
reservoir, through inlet tubing 14 past open valve 
44 and into first chamber 24. 

At the same time that the first chamber 24 is 
filling, piston 40 is moving upward, thereby re- 
35 ducing the volume of second chamber 26 and 
pumping fluid from -second chamber 26 through 
outlet tubing 16, to the patient. 

When piston 38 reaches its lowermost position 
and piston 40 is approaching its uppermost posi- 
40 tion, valve 44 is driven upward to close fluid flow 
from the reservoir to first chamber 24. Second 
valve 46 is then moved downward to permit fluid 
flow from first chamber 24 to second chamber 26, 
After the two valves have been moved, piston 38 
45 begins to move upward, thereby reducing the 
volume of first chamber 24, while second piston 
40 moves downward, thereby increasing the vol- 
ume of second chamber 26. In the preferred 
embodiment, the rate of decrease of the volume 
so of first chamber 24 is greater than the rate of 
increase of second chamber 26. As a result, some 
of the fluid being pumped from first chamber 24 is 
pumped out through outlet tubing 16 to the 
patient. In the preferred embodiments, the cross- 
55 sectional areas of chambers 24 and 26 and the 
rate of travel of pistons 38 and 40 are selected so 
that the amount of fluid being pumped out 
through outlet tubing 16 is essentially the same 
when the fluid is being pumped from first 
60 chamber 24 as it is when the fluid is being 
pumped from second chamber 26. As a result, an 
essentially pulse-free fluid flow is produced with 
only two pumping chambers and only two valves. 
When piston 38 reaches its uppermost position 

65 
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and piston 40 reaches its lowermost position, the 
pumping cycle is complete, and the next cycle is 
ready to begin. 

During the pumping operation, the volume of 
pressure sensing chamber 28 depends upon the 
back pressure from outlet tubing 16 and the 
patient. Piston 42, which contacts the bottom 
portion of third flexible diaphragm chamber 28, 
moves upward and downward as a function of 
fluid pressure within third chamber 28. Electrical 
contacts are connected to piston 42, and the state 
of the contacts (either open or closed) provides an 
indication of whether the back pressure has ex- 
ceeded one or more predetermined thresholds. 
As each threshold is exceeded, an alarm is pro- 
duced. 

Throughout the operation of the pump, the 
dielectric constant between electrodes 56 and 58 
and common electrode 64 is sensed. If an air 
bubble passes through disposable pump 
chamber 10, it is sensed electrically by the differ- 
ence in dielectric constant between electrodes 56 
and 64 and between electrodes 58 and 64. 

Figures 3A, 3B, 3C and 4 — 6 show disposable 
pump chamber 10 in greater detail. Rgures 3A, 3B 
and 3C are top, side and bottom views, 
respectively. Figures 4, 5 and 6 are sectional 
views at different positions of disposable pump 
chamber 10. 

In the preferred embodiments of the present 
invention, disposable pump chamber 10 is made 
of two parts, upper part 10a, and lower part 10b, 
which are preferably made out of flexible plastic 
material which is capable of heat sealing. In one 
preferred embodiment, both upper part 10a, and 
lower part 10b are formed of a vinyl plastic 
material. 

Both upper part 10a and lower part 10b are 
vacuum formed or blow molded to define the 
passages and chambers of disposable pump 
chamber 10. Upper part 10a is primarily a planar 
sheet, except for a raised portion 80a which 
extends substantially the entire length of upper 
part 10a. Raised portion 80a is the top half of a 
main flow passage which carries fluid from inlet 
tubing 14 at one end of disposable chamber 10 to 
outlet tubing 16 at the opposite end. The radii of 
inlet tubing 14 and outlet tubing 16 are smaller 
than the radius of portion 80a. At the inlet end of 
part 10a is an inlet section 82a which has an inner 
radius which is substantially the same as the 
outer radius of inlet tubing 14. Connecting inlet 
section 82a with main flow passage 80a is tapered 
section 84a, which provides a gently tapered 
transition from inlet section 82a to main flow 
passage 80a. At the opposite end of top part 10a is 
an outlet section 86a and a tapered section 88a. 
Outlet section 86a has an inner radius which is 
approximately equal to the outer radius of outlet 
tubing 16. Tapered transition 88a provides a 
gentle transition from main flow passage 80a to 
outlet section 86a. 

Lower part 10b of disposable pump chamber 10 
has a similar main flow passage 80b, inlet section 
82b, tapered transition 84b, outlet section 86b and 



tapered transition 88b. Also formed in lower part 
10b and extending downward are first and second 
flexible rolling diaphragm pumping chambers 24 
and 26, and flexible rolling diaphragm pressure 

5 sensing chamber 28. 

Upper part 10a must be flexible enough to 
allow closing by leaf spring 72. Lower part 10b 
must be sufficiently flexible to permit rolling 
diaphragm action of chambers 24, 26 and 28. In 

to addition, it must be sufficiently flexible to permit 
valve 44 (shown in Figure 2) to collapse the 
section of main flow passage 80b between 
tapered transition section 84b and first pumping 
chamber 24 and to permit the valve 46 to similarly 

is collapse the section of main flow passage 80b 
between first and second pumping chambers 24 
and 26. 

As stated previously, top and bottom parts 10a 
and 10b are preferably a plastic material which is 

20 easily sealed by heat sealing. Parts 10a and 10b 
are heat sealed together at the time of forming or 
in a subsequent operation. The mating surfaces of 
10a and 10b may be of a lower melting point 
material therefore aiding the sealing process. 

25 Inlet tubing 14 and outlet tubing 16 are also 
preferably clear material which is heat sealed with 
the top and bottom parts 10a and 10b. 

Although heat sealing is one preferred means 
of sealing the top and bottom parts 10a and 10b 

30 together with tubings 14 and 16, sealing can also 
be accomplished by ultrasonic welding, rf sealing, 
solvent bonding, or other sealing techniques. 

In one preferred embodiment, disposable 
pump chamber 10 is formed by blow molding. In 

35 this case, upper part 10a and lower part 10b are 
heat sealed together with tubings 14 and 1 6 at the 
time of the molding operation. The advantage of 
flow molding is that it avoids any registration 
problems which may otherwise be encountered 

40 in attempting to attach together separately 
molded top and bottom parts 10a and 10b. 

Alternately, vacuum molding of the individual 
top and bottom parts 10a and 10b may be used. In 
this embodiment, multiple cavity molds are used 

45 to produce molded plastic sheets containing 
many of the same parts (either 10a or 10b). 
Tubings 14 and 16 are then placed into position, 
and a sheet having an identical number of the 
other part is then placed into position over the 

so first sheet and the tubing, and parts 10a and 10b 
are heat sealed together. The individual pump 
chambers are then severed from one another by a 
punch and die type cutter. At the same time, the 
registration holes 52 and 54 are punched out to 

55 their exact desired size. In this manner, a large 
number of disposable pump chambers 10 can be 
fabricated at the same time. 

Figures 7 — 13 show various portions and views 
of pump housing 12. Figure 7 is a sectional view 

60 which shows pump housing 12 in operation with 
top cover 18 closed and disposable pump 
chamber 10 inserted. The pump is shown at the 
beginning of a pumping cycle. 
As shown in Figure 7, diaphragm enclosure 22 

55 is mounted on top of cam housing 23, which in a 
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preferred embodiment is a low friction structural 
material such as Delrin, or a material such as ABS 
with linear bearings used to reduce friction of 
valve and piston rods. Cam housing 23 is con- 
nected to mounting plate 92 at its base. 

Supported on cam housing 23 is motor 94, 
which is preferably a stepper motor. Although 
other drive motors can be used, a stepper motor 
is particularly advantageous due to its digital 
nature, which is well suited for control by digital 
circuitry, such as a microcomputer control circuit. 

Motor 94 drives cam shaft 96. Attached to cam 
shaft 96 are four cams 98, 100, 102 and 104. Cam 
98 drives valve 44 through rod 108, which has its 
lower end rounded to ride on cam 98 and which 
extends through shaft 109 in cam housing 90. 
Valve 44 is spring loaded to facilitate loading of 
pumping chamber 10 into pump housing 12. 

Cam 100 drives piston 38 through rod 110, 
which extends through shaft 111 in cam housing 
90. The bottom end of rod 1 10 rides on cam 100, 
while the upper end is threaded to permit attach- 
ment of piston 38. The threaded connection of rod 
110 and piston 38 permits adjustment of the 
effective length from cam 100 to the top of piston 
38, thereby reducing the requirement for close 
tolerances. 

Valve 46 is driven by cam 102 through rod 114, 
which has a rounded lower end riding on cam 102 
and which passes through shaft 115 in cam 
housing 90. Valve 46 is also spring loaded to 
facilitate loading of pumping chamber 10 into the 
pump, housing 12. 

Cam 104 drives piston 40 by means of rod 116, 
which extends through shaft 117 in cam housing 
90. The lower end of rod 116 is rounded to ride 
upon the surface of cam 1 04, and the upper end of 
rod 116 is threaded for connection to piston 40. 

Each of the four rods 108, 110, 114 and 116 has 
a small spring 108a, 110a, 114a, and 116a near the 
bottom end of the respective rod. These springs 
are preferably very weak springs, and are used 
solely to assure that the rods follow their 
respective cams at all times. This is particularly 
important when the pump is operating in a 
vertical rather than a horizontal orientation (i.e. 
rods 108, 110, 114 and 116 are generally horizon- 
tal). Springs 108a, 110a, 114a and 116a are made 
as weak as possible so that very little energy is 
expended in driving the pistons and valves 
against the spring force. 

The drive system for pistons 38 and 40 and 
valves 44 and 46 has significant advantages. 
Motor 94 drives shaft 96 in only one direction; no 
reversal of motion of drive motor 94 is required in 
order to provide the desired pumping action. In 
addition, because chambers 24 and 26 of dispos- 
able pump chamber 10 are rolling diaphragm 
type chambers, tolerances for cylinders 32 and 34, 
and the cam riders and rods are significantly 
reduced. This permits lower manufacturing costs, 
while still providing the necessary accuracy in 
pumping rates. 

Also connected to drive shaft 96 in Figure 7 is 
an encoder wheel 118, which is a conventional 



encoder wheel having slots near its periphery at 
predetermined spacing. A conventional encoder 
sensor assembly 120 is mounted to the back sur- 
face of cam housing 90 and is positioned to sense 

5 the slots in encoder wheel 118. Encoder sensor 
assembly 120 typically includes a light source (not 
shown) positioned at one side of encoder wheel 
118 and a light sensor (not shown) positioned at 
the opposite side. Each time a slot in wheel 118 is 

to encountered, a light is permitted to pass from the 
light source to the light sensor, and encoder 
sensor assembly 120 produces an electric pulse 
indicating the presence of a slot in encoder wheel 
118. 

15 Figures 8 and 9 show the encoder assembly 120 
in greater detail. As shown in Figures 8 and 9, 
encoder assembly 120 is attached to a flange 121, 
which in turn is connected by screws to the back 
surface of cam housing 23. 

20 The purpose of encoder wheel 1 18 and encoder 
sensor assembly 120 is to provide a direct indica- 
tion that cam shaft 96 is rotating. In a preferred 
embodiment of the present pump, control cir- 
cuitry (not shown) monitors the output of encoder 

25 sensor 120. If a change in the output of encoder 
sensor 120 does not occur within a predetermined 
time interval, an alarm is produced and pumping 
is terminated. This sensing provides direct indica- 
tion of whether shaft 96 is turning and, therefore, 

30 the pump is pumping. It is possible that motor 94 
may be receiving drive signals from the control 
circuitry and yet, due to some malfunction, shaft 
96 is not turning. The use of encoder wheel 118 
and encoder sensor assembly 120 provides an 

35 indication of this failure mode. 

As shown in Figure. 7, each of the cams 98 t 100, 
102, and 104 has an alignment hole 98a, 100a, 
102a, and 104a, respectively. Similarly, encoder 
wheel 118 has an alignment hole 118a. Cam 

40 housing 23 also includes an alignment hole 23a 
which is used in conjunction with alignment holes 
98a, 100a, 102, 104 and 118a to set the initial 
alignment of each of the cams. By placing a pin 
(not shown) through hole 23a and then through 

45 each of succeeding holes, all of the cams may be 
lined up during initial assembly of the pump. The 
cams and encoder wheel may then be locked into 
place on cam shaft 96 by set screws (hot shown). 
Alignment may also be accomplished by slotting 

so shaft 96 and keying the cams and encoder wheel. 
Figure 7 also illustrates the back pressure sen- 
sor assembly, which includes cylinder 36 and 
piston 42, together with pressure sensing rolling 
diaphragm chamber 28 of disposable pump 

55 chamber 10. As shown in Figure 7, piston 42 
extends through shaft 122 in cam housing 90. 
Connected to the bottom of piston 42 is terminal 
1 24, which receives the top end of spring 1 26. The 
opposite end of spring 126 engages the top 

60 surface of threaded member 128. it can be seen, 
therefore, that the fluid pressure within pressure 
sensing chamber 28 acts on piston 42 in a 
generally downward direction, while spring 126 
provides an upward force. 

65 Extending from terminal 124 is contact arm 130, 
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which is best shown in Figure 10. First and second 
pressure limit contacts 132 and 134 are positioned 
at two different vertical positions at the front 
surface of cam housing 90. In its normal position, 
spring 126 applies sufficient force to piston 42 so 
that contact arm 130 is in physical and electrical 
contact with the bottom edge of upper contact 
132. Electrical connection to contact arm 130 is 
made through a wire (not shown) connected to 
terminal 124, and electrical connection to contact 
132 is made by a wire (not shown) connected 
between one of the screws 136 and contact 132. 

As long as pressure within chamber 28 is 
insufficient to overcome the spring force of spring 
126 and separate contact arm 130 and contact 
132, the back pressure is within acceptable limits. 
Since fluid from back pressure sensing chamber 
28 goes directly to tube 1 6, which in turn connects 
to the IV needle, the pressure at chamber 28 is 
directly related to the forcing pressure at the 
patient. If the preset pressure (which is deter- 
mined by spring 126, the position of threaded 
member 128, and the position of contact 132) is 
exceeded so that piston 42 moves downward and 
contact arm 130 and contact 132 are separated, 
the break in the electrical contact is sensed and an 
alarm is produced. 

In the preferred embodiment of the above- 
described pump, a second lower contact 134 is 
positioned below upper contact 132. When a 
second, higher pressure is reached, contact arm 
130 engages the top edge of lower contact 134. 
This is also electrically sensed, and is used to 
provide a second alarm indicative of a second, 
higher pressure. Screws 138 hold lower contact 
134 in place. An electrical wire (not shown) is 
connected between one of the screws 138 and 
lower contact 134. The electric control circuit (not 
shown) allows the operator to select which 
pressure limit activates an alarm (low or high). 

Figure 11 is a top view of cam housing 23, and 
Figure 12 is a detailed view of contact 132. These 
two figures further illustrate the back pressure 
sensing mechanism of the present invention. As 
shown in Figure 16, cam housing 23 has a narrow 
slot 140 within which contact arm 130 moves. 

Figure 12 shows a front view of contact 132, 
which is a rectangular metallic plate having two 
slotted openings 142 and 144, Slotted holes 142 
and 144 permit vertical adjustment of plate 132, 
which permits adjustment of the pressure at 
which the contact between plate 132 and contact 
arm 130 is broken. Lower contact 134 has similar 
slotted holes to permit an adjustment of the 
position of lower contact 134 in a similar manner. 

The back pressure sensing mechanism, which 
is described above, is very inexpensive, simple 
and reliable. It permits adjustment of two 
pressure limits at which alarms are produced. 
Because the above-described construction per- 
mits selection of back pressure limits at which 
alarms will sound, the patient, in case of an 
infiltration, is not subjected to the maximum back 
pressure that the pump is able to supply. This has 
been a continuing problem with prior art IV 



pumps, since the maximum back pressure of the 
pump is often beyond the safe limit for a partic- 
ular patient or application. 
Although a piston, spring, contact arm and 

5 contacts are used in the preferred embodiment 
shown in the Figures, other means of sensing the 
movement of chamber 28 due to back pressure 
may also be used. For example, solid state or wire 
strain gauges may be used to sense pressure as a 

to result of displacement of piston 42. The embodi- 
ment shown in the Figures however, is particu- 
larly advantageous due to its low cost, simplicity, 
reliability and easy adjustment. 
Figure 11, which is a top view of cam housing 

15 90, also shows grooves 150 which surround each 
opening in cam housing 23. These grooves catch 
any liquid which might be spilled in the event of a 
leak in disposable pump chamber 10 and prevent 
fluid from flowing into the bearing surfaces be- 

20 tween each rod and their respective shafts in 
housing 23. 

Figures 11 and 13 show switch 68 and switch 
arm 70 in further detail. Switch arm 70 engages 
the inner surface of latch 1 9 when the entire pump 

25 assembly is latched together. This causes switch 
68 to be closed, which in turn indicates that the 
pump is ready for operation. Switch 68 is 
mounted on mounting flange 152, which is in turn 
connected to cam housing 23. 

30 Figure 14 is a top view of diaphragm enclosure 
22. Figure 14, together with Figure 2, illustrates 
the bubble sensor which is used to detect the 
presence of air bubbles in disposable pump 
chamber 10. The bubble sensor includes first and 

35 second electrodes 56 and 58, which are located on 
the bottom surface of top cover 18. Terminals 60 
and 62 make electrical contact with first and 
second electrodes 56 and 58, respectively. 
Common electrode 64 is attached to the top 

40 surface of the diaphragm enclosure 22 and is held 
in place by terminal screws 66 and 66a. The width 
of common electrode 64 is greater than the width 
of either-first electrode 56 or second electrode 58, 
and common electrode 64 is positioned so that it 

46 is directly opposite both first electrode 56 and 
second electrode 58. Tube 16 fits between first 
and second strips 56 and 58 and common elec- 
trode 64. Electronic circuitry (not shown) con- 
nected to terminals 60, 62 and 66 detects the 

50 difference in dielectric constant between the first 
capacitor defined by first electrode 56 and 
common electrode 64 and the second capacitor 
defined by second electrode 58 and common 
electrode 64. When an air bubble reaches the first 

55 capacitor, the electronic circuitry becomes un- 
balanced, thereby indicating the presence of an 
air bubble. This unbalance is used to trigger an 
alarm. 

The bubble detector shown in the Figures is 
so simple, easily incorporated into the pump, and in- 
expensive. It does not require optical techniques 
in order to sense air bubbles, as have been used 
in prior art IV pumps. As a result, problems en- 
countered with optical techniques are avoided. 
65 The presence of air in an IV system must be 
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avoided. The pump of the present invention is 
designed to avoid any chance of air bubbles 
accumulating within disposable pump chamber 
10. Each of the rolling diaphragm chambers 24, 
26, and 28 is oriented so that air bubbles can 
escape upwards at ail times, and will not accumu- 
late within the chambers. Similarly, valves 44 and 
46 operate in a manner which does not lead to 
creation of air bubbles within disposable 
chamber 10. 

In a preferred embodiment of this IV pump, the 
entire pump mechanism is oriented so that the 
inlet end is lower than the outlet end. As a result, 
there is a natural tendency for any air bubbles to 
flow through the pump, rather than accumulate at 
any point within disposable chamber 10. This is 
particularly important during the initial purging of 
the system, since all air must be removed from 
chamber 10 before connection is made to the 
patient. 

Figures 14 and 15 illustrate how diaphragm 
enclosure 22 is spring mounted to cam housing 
23. In normal operation, the bottom surface of 
diaphragm enclosure 22 is spaced from the top 
surface of cam housing 23 by about 1.27 mm 
(0.050 inches). Diaphragm enclosure 22 is held in 
place with respect to cam housing 23 by three 
screws 156, which extend downward through 
diaphragm enclosure 22 and are threaded into 
cam housing 23. As best illustrated in Figure 15, a 
spring 158 surrounds the shaft of each of screws 
156 and is mounted in recesses 160 and 162 of 
diaphragm enclosure 22 and cam housing 23, 
respectively. When the pump is normal operation, 
spring 158 is compressed and urges the surfaces 
of cam housing 23 and diaphragm enclosure 22 
slightly apart. 

When latch 19 is released and pivoted down- 
ward and latch 20 is pulled upward away from 
latch pin 21, spring 158 urges diaphragm enclo- 
sure 22 away from cam housing 23 until the top 
end 156a of screw 156 engages the bottom of 
recess 164 in diaphragm enclosure 22. 

Proper orientation of diaphragm enclosure 22 
with respect to cam housing 23, as well as 
registration of disposable pump chamber 10 with 
respect to both diaphragm enclosure 22 and cam 
housing 23, is provided by registration pins 48 
and 50. As shown in Figure 16, pins 48 and 50 
extend from the top surface of diaphragm enclo- 
sure 22 downward through diaphragm enclosure 
22 into shafts 166 and 167, respectively, in cam 
housing 23. 

As described previously, diaphragm enclosure 

22 is spring mounted with respect to cam housing 

23 so that during the removal and insertion of 
disposable pump chamber 10 all pistons and 
valves are in a recessed position with respect to 
the top surface of diaphragm enclosure 22. This 
ensures that disposable pump chamber 10 can be 
placed in position without any interference from 
the valves or pistons, regardless of where in the 
cycle the pump has stopped. As shown in the 
preceding Figures, top cover 18 is latched closed 



with respect to diaphragm enclosure 22 by latch 

20 and latch post 21. 
Top cover 18 and diaphragm enclosure 22 are 

in turn held in position with respect to cam 
5 housing 23 by latch 19, which is attached by a 

hinge connection at one end to cam housing 23. 

Latch 19 has a flap portion 19a and a grasping 

handle portion 19b. Flap 19b hooks over the top 

surface of latch 20 and holds the various portions 
10 of the pump in their desired operating position. 
When latch 19 is pivoted downward or away 

from top cover 18, top cover 18 and diaphragm 

enclosure 22 do not immediately spring upward. 

Rather, they only move away from cam housing 
15 23 after top cover 18 is partially open. Figures 17, 

18 and 19 further illustrate the unique latch and 
hinge mechanism of the pump. Figure 17 is a rear 
view of pump housing 12; Figure 18 is a top view; 
and Figure 19 is a front view. As shown in Figures 

20 17 and 18, and as also partially illustrated in 
Figures 10 and 15, attached to the back surface of 
cam housing 23 are metal members 170 and 172, 
which act as a leaf spring type latching and 
camming mechanism at the back of top cover 18. 

25 Member 170 has a latching portion 170a and a 
camming portion 170b. Similarly, metal member 
172 has a latching portion 172a and a camming 
portion 172b. Member 170 is connected to the 
back surface of cam housing 23 by screws 174, 

30. while member 172 is attached to back surface of 
cam housing 23 by screws 176. 

When the pump is closed and in operation, the 
forward ends of latching portions 170a and 172a 
engage the bottom surfaces of recesses 178 and 

35*- 180 at opposite ends of the back of top cover 18, 
Latch members 170a and 172a, together with 
latch 19, prevent spring 158 from separating the 
diaphragm enclosure 22 and cam housing 23 
more than the desired 1,27 mm. 

40 As shown in Figure 17, top cover 18 and 
diaphragm enclosure 22 are pivotally connected 
to one another along their back surfaces by hinge 
182. When cover 18 begins to open, it pivots 
about an axis defined by hinge 182. Camming 

45 portions 170b and 172b act against the back 
surface of cover 1 8 to push the upper end of metal 
members 170 and 172 away from the back sur- 
faces of cover 18 and diaphragm enclosure 22. 
When cover 18 has been opened a sufficient 

50 amount, the camming action caused by portions 
170a and 172a finally moves latching portions 
170a and 172a out of engagement with recessed 
portions 178 and 180 of top cover 18. Since latch 

19 has already been pivoted to an open position, 
55 the movement of portions 170a and 172a out of 

engagement with recesses 178 and 180 permit 
diaphragm enclosure 22 and top cover 18 to be 
moved upwardly by the force of springs 158. 
Once diaphragm enclosure 22 and cam housing 
so 23 have been separated, cover 18 may be opened 
further to permit removal and replacement of 
disposable pumping chamber 10. Sloped ramp 
portions 184 and 186 permit top cover 18 to be 
further opened without interference with cam- 

65 
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ming portions 170b and 172b of metal members 
170 and 172. 

As illustrated in Figures 15, 18 and 19, latch 19 
is connected to cam housing 23 by front attach- 
ment blocks 188 and 190. The lower portions of 
hinges 192 and 194 are connected by screws 196 
to the lower ends of front attachment blocks 188 
and 190, respectively. The upper portions of 
hinges 192 and 194 are attached by bolts 198 to 
the bottom end of latch 19. Screws 200 connect 
front attachment blocks 188 and 190 to the front 
surface of cam housing 23. 

Figure 20 shows a preferred embodiment of 
cams 98, 100, 102 and 104. Each cam is shown as 
viewed from the direction of motor 94. In the 
embodiment shown in Figure 13, cams 98, 100, 
102 and 104 rotate in a clockwise direction. 

At the zero degree (0°) reference point (i.e. the 
beginning of a puming cycle), valve 44 is closed 
because cam 98 is at a maximum radius. Cam 100 
is at the start of a constant maximum radius; 
therefore, piston 38 is stationary at the maximum 
vertical position. Cam 102 is at a minimum radius 
so that valve 46 is open. Cam 104 is increasing in 
radius at a rate of 0.0169 mm per degree rotation 
so that piston 40 is moving upward at a rate of 
0.0169 mm per degree rotation. At this stage of 
operation, the volume of fluid that is being 
pumped per degree rotation is equal to 0.0169 
mm times the cross-sectional area of second 
pumping chamber 26 (and second cylinder 34), 
plus 0.0169 mm times one-half the cross-sectional 
area between the inner walls of the pump 
chamber and the piston. 

At a rotation of 20°, valve 44 is still closed, 
piston 38 is still stationary, valve 46 is now closed 
because cam 102 is at the maximum radius. 
Piston 40 continues to move upward at a rate of 
0.0169 mm per degree rotation. 

At a rotation of 40°, valve 44 has opened 
because cam 98 is at its minimum radius. At this 
point, piston 38 is still stationary, the valve is still 
closed, and cam 104 is moving piston 40 up at the 
rate of 0.0169 mm per degree rotation. 

At a rotation from 40° to 180°, valve 44 is open, 
the radius of cam 100 is decreasing at the rate of 
0.0435 mm per degree rotation. As a result, first 
pumping chamber 24 is filling at a rate of 0.0435 
mm times the cross-sectional area of first 
chamber 24 per degree rotation plus 0.0435 mm 
times one-half the cross-sectional area between 
the inner walls of the pump chamber and the 
piston. Valve 46 is still closed, and piston 40 
continues to move up at a rate of 0.0169 mm per 
degree rotation. 

At 180° rotation, valve 44 is still open and cam 
100 begins a 40° section (i.e. from 180° to 220°) in 
which it is at a constant minimum radius. Piston 
38, therefore, is at its lowermost position and is 
stationary. Valve 46 is still closed, while cam 104 
is still increasing in radius at a rate of 0.0169 mm 
per degree rotation. 

At 200° rotation, cam 98 has increased to its 
maximum radius and, therefore, valve 44 is in its 
uppermost position and has closed fluid flow 



from inlet tubing 14. Cam 100 is at its constant 
minimum radius and piston 38 is still stationary at 
its lowermost position. Valve 46 is still in its 
uppermost position thereby closing fluid passage 

5 from first chamber 24 to second chamber 26. The 
radius of cam 104 continues to increase at a rate 
of 0.0169 mm per degree rotation and piston 40 
continues to move upward at that rate. 
At 220° rotation, valve 44 remains in its upward 

to closed position and piston 38 remains in its 
stationary lowest position. Cam 102 has now 
reached its minimum radius so that valve 46 is in 
its lowermost position and is open. Cam 104 
reaches its maximum radius at the 220° rotation 

15 position. 

From 220° to 360° rotation, valve 44 is at its 
uppermost (closed) position. Cam 100 is increas- 
ing in radius at a rate of 0.0435 mm per degree 
rotation and, therefore, piston 38 is moving up- 

20 ward at this rate. Valve 46 is in jts lowermost 
(open) position, thereby permitting fluid flow 
from first chamber 25 to second chamber 26. Cam 
104 is decreasing in radius at a rate of 0.0266 mm 
per degree rotation, and therefore, piston 40 is 

25 moving down at this rate. The volume of fluid 
pumped out through outlet tubing 16 per degree 
rotation is equal to the difference in volume 
change between first chamber 24 and second 
chamber 26. In the preferred embodiment, first 

30 and second chambers 24 and 26 have identical 
cross-sectional area, and the difference in volume 
is merely the difference between 0.0435 mm per 
degree rotation decrease in volume of first 
chamber 24 and 0.0266 mm per degree of rotation 

35 increase in volume of second chamber 26. The 
volume of fluid pumped is, therefore, the differ- 
ence between 0.0435 mm minus 0.0266 mm per 
degree of rotation times the cross-sectional area 
of either cylinder 38 or 40 plus the difference 

40 between 0.0435 mm minus 0.0266 mm per degree 
rotation times one-half the cross-sectional area 
between the inner walls of the pump chamber 
and the piston. This corresponds to 0.0169 mm 
per degree rotation times the cross-sectional area 

45 of second cylinder 26 plus 0.0169 mm times one- 
half the cross-sectional area between the inner 
walls of the pump chamber and the piston. As a 
result, the volume being pumped remains con- 
stant even when second piston 40 is moving 

50 downward. This is because the volume being 
pumped out of first chamber 24 exceeds the 
volume being received in second chamber 26 by 
an amount equal to the desired constant volume 
flow rate. 

56 When cams 98, 100, 102 and 104 reach the 360° 
(or 0°) rotation, the next cycle begins. It can be 
seen, therefore, that a constant flow rate output is 
provided with only two valves and two cylinders. 
No reversal of drive direction is required from 

60 motor 94 in order to provide the pumping action. 
In the specific example described, the cross- 
sectional areas of first and second chambers 24 
and 26 are equal. This provides some advantages 
in fabrication, particularly since both first piston 

65 38 and second piston 40 are of the same size and 
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may be interchangeable. It is possible, however, 
to use chambers of different cross-sectional area. 
The particular drive rates of first and second 
pistons 38 and 40 depend, of course, on the cross- 
sectional areas of first and second chambers 24 
and 26 so that the fluid flow rate at outlet tubing 
16 remains constant regardless of the direction of 
movement of the pistons. 

With the pump described above, the volume of 
fluid delivered is dependent almost entirely on 
the dimensions of cams 100 and 104 and pistons 
38 and 40. The volume of fluid delivered depends 
only very slightly on the thickness of first and 
second pumping chambers 24 and 26. For most 
applications, the effect of wall thickness of cham- 
bers 24 and 26 can be considered to be negligible. 

It can also be seen that the point at which valves 
44 and 46 change positions is not critical as long 
as one closes before the other opens, and that all 
valve changes take place during a constant radius 
portion of cam 100. 

A significant advantage of the construction 
described is all valve and piston movements are 
timed off of a single cam shaft 96. The valves 
operate in a continuous manner according to the 
shape of cams 98 and 102, without electronic 
sensing or spring actuation. 

The pump which is described above also pro- 
vides fail safe operation. As illustrated in Figure 
20, at least one valve is closed throughout the 
entire pumping cycle. There is no danger of 
siphoning in the event that the pump is stopped 
due to power failure, inadvertent shutdown, or 
any other cause. 

The above-described IV pump has significant 
advantages over the prior art IV pumps. First, the 
IV pump described above is small, accurate, 
reliable and economical to manufacture and use. 

Second, disposable chamber 10 is an extremely 
low cost component. As will be discussed in detail 
later, disposable chamber 10 is preferably fabri- 
cated out of plastic. Since there are no internal 
valves in disposable chamber 10, the cost of 
disposable chamber 10 is low. 

Third, disposable pump chamber 10 has no 
seals between moving parts, due to the use of 
rolling diaphragm pumping chambers 24 and 26, 
and external valves which merely pinch off fluid 
flow within the disposable pump chamber 10. 
Because no seals between moving parts are 
required, the pump does not cause damage to 
blood cells and may be used to administer whole 
blood. 

Fourth, the disposable pump chamber provides 
an effective germ barrier. Chamber 10 is dispos- 
able, and is used for only a single IV therapy. Due 
to the low cost of disposable chamber 10, the cost 
of intravenous therapy is not limited by the cost of 
the mechanism. 

Fifth, the tolerances of both pump housing 12 
and disposable chamber 10 do not appreciably 
affect the overall accuracy of the pump. As a 
result, low cost fabrication of disposable chamber 
10 is possible. 

Sixth, the external v8lving provided by the 



valves 44 and 46 does not require critical timing 
with relationship to the pumping mechanism. The 
operation of valves 44 and 46 is at a relatively low 
rate, and is coordinated with the operation of 

5 pistons 38 and 40 so that sufficient time is 
provided for valves 44 and 46 to open and close. 

Seventh, the pump provides a substantially 
continuous flow while using only two valves. The 
present construction, therefore, provides in- 

w creased efficiency in pumping with reduced hard- 
ware cost. 

Eighth, a single drive mechanism drives pistons 
38 and 40 and valves 44 and 46. In. addition, the 
drive mechanism does not require reversal of 

15 rotation in order to provide the desired move- 
ment of the two pistons and two valves. This 
significantly reduces the complexity of the pump, 
while increasing the reliability of operation. 
Ninth, the pump does not require stretching of 

20 an elastomer material, as is required with some 
peristaltic and pulsating pumps. The possibility of 
air entering the infusion solution as a result of 
stretching of an elastomer material, therefore, is 
eliminated. 

25 Tenth, the pump described above does not 
pump against an elastomer material, a biasing 
spring (except to overcome friction), or friction 
seals. The above-described pump, therefore, 
makes efficient use of energy in providing the 

30 pumping action. 

Eleventh, the pump described above is auto- • 
matically biased off in the case of power or 
battery failure, or being inadvertently shut off, or 
any other situation in which the pump is stopped. 

35 This is because one of the two valves 44 and 46 is 
„ always closed, regardless of where the pump is in 
a pumping cycle. One valve is permitted to open 
only after the other valve has closed. This pro- 
vides fail safe operation and prevents any siphon- 

40 ing action if the pump is stopped. 

Twelfth, the pump provides a low cost and 
simple means of sensing and alarming when 
preset selectable back pressure limits are ex- 
ceeded. Pressure sensing chamber 28 and piston 

45 42 provide a simple, yet effective method of 
selecting one or more back pressure limits which 
trigger alarms. With the pump described above, 
therefore, back pressure limits can be selected 
which are less than the maximum back pressure 

so that the pump is able to supply. This provides 
increased safety for the patient in the case of 
infiltration or other forms of occlusion. 

Thirteenth, the above construction provides a 
simple, yet effective air bubble detection system. 

55 The change in dielectric constant between air and 
fluid is a low cost, simple, yet effective means of 
sensing air within the fluid. Alarms are provided 
to alert medical personnel to the presence of the 
air within the pump. 

60 In European Application EP— A— 90440, which 
was divided out of the present application, there 
is described and claimed a pump suitable for use 
in conjunction with the disposable pumping 
chamber having an inlet, an outlet, first and 

65 second flexible passage sections, and first and 



1 1 



21 



0 024 431 



22 



second flexible rolling diaphragm pumping 
chambers connected between the inlet and the 
outlet characterised in that said pump comprises 
a pump housing for receiving the . disposable 
pumping chamber; a first cylinder in the housing 
positioned to receive the first flexible rolling 
diaphragm pumping chamber; a second cylinder 
in the pump housing positioned to receive the 
second flexible rolling diaphragm pumping 
chamber; a first piston movable in the first cylin- 
der; a second piston movable in the second 
cylinder; first valve means for controlling fluid 
flow between the inlet and the first flexible rolling 
diaphragm pumping chamber; second valve 
means for controlling the fluid flow between the 
first flexible rolling diaphragm pumping chamber 
and the second flexible rolling diaphragm pump- 
ing chamber; and drive means for causing rela- 
tive motion of the first cylinder and the first piston 
and relative motion of the second cylinder and 
second piston to vary the volumes of the first and 
second flexible rolling diaphragm pumping 
chambers. 

Claims 

1. An integral disposable pumping chamber 
(10) through which fluid is pumped from an inlet 
(82a, 82b) to an outlet (86a, 86b) characterized in 
that the integral disposable pumping chamber 
(10) includes a first portion (10b) of flexible 
material and a second portion (10a) forming a 
sealed main flow passage (80a, 80b) there- 
between which extends between the inlet (82a, 
82b) and the outlet (86a, 86b); wherein the sealed 
main flow passage (80a, 80b) includes a first 
flexible rolling diaphragm pumping chamber (24) 
and a second flexible rolling diaphragm pumping 
chamber (26), wherein the second flexible rolling 
diaphragm pumping chamber (26) is positioned 
between the first flexible rolling diaphragm 
pumping chamber (24) and the outlet (86a, 86b); 
wherein the first portion (10b) of flexible material 
has a first flexible rolling diaphragm extending 
outward to form the first flexible rolling dia- 
phragm pumping chamber (24); wherein the first 
portion (10b) has a second flexible rolling dia- 
phragm extending outward to form the second 
flexible rolling diaphragm pumping chamber 
(26); wherein the main flow passage (80a, 80b) 
has a first flexible passage section connected 
between the iniet (82a, 82b) and the first flexible 
rolling diaphragm pumping chamber (24) and 
capable of being restricted to limit flow between 
the first flexible rolling diaphragm pumping 
chamber (24) and the inlet (82a, 82b) and wherein 
the main flow passage (80a, 80b) has a second 
flexible passage section connected between the 
first and second flexible rolling diaphragm pump- 
ing chambers (24, 26) and capable of being 
restricted to limit fluid flow between the second 
flexible rolling diaphragm pumping chamber (26) 
and the first flexible rolling diaphragm pumping 
chamber (24). 

2. A disposable pumping chamber as claimed in 



claim 1 and further including a third flexible 
rolling diaphragm chamber (28) connected be- 
tween the second flexible rolling diaphragm 
pumping chamber (26) and the outlet (86a, 86b). 

5 3. A disposable pumping chamber as claimed in 
any of the preceding claims and further including 
inlet tubing (24) having an end sealed between 
the first and second portions (10b, 10a) at the inlet 
(82, 82b) of the integral disposable pumping 

10 chamber (10), and outlet tubing (16) having an 
end sealed between the first and second portions 
(10b, 10a) at the outlet (86a, 86b) of the integral 
disposable pumping chamber (10). 
4. A disposable pumping chamber as claimed in 

15 any of the preceding claims and further charac- 
terized in that the first and second portions (10a, 
10b) form a first flange on one side of the main 
flow passage (80a, 80b) and a second flange on an 
opposite side of the main flow passage (80a, 80b). 

20 5. The combination of a disposable pumping 
chamber as claimed in any of the preceding 
claims with a pump characterized in that the 
pump includes: 
a pump housing (18, 22, 23) for receiving the 

25 disposable pumping chamber (10); 

a first cylinder (32) in the housing positioned to 
receive the first flexible rolling diaphragm (24); 

a second cylinder (34) in the pump housing 
positioned to receive the second flexible rolling 

30 diaphragm (26); 

a first piston (38) movable in the first cylinder 
(32); 

a second piston- (40) movable in the second . 
cylinder (34); 

35 first valve means (44) for controllably con- 
stricting the first flexible passage section to con- 
trol fluid flow between the inlet (82a, 82b) and the 
first flexible rolling diaphragm pumping chamber 
(24); 

40 second valve means (46) for controllably con- 
stricting the second flexible passage section to 
control the fluid flow between the first flexible 
rolling diaphragm pumping chamber (24) and the 
second flexible rolling diaphragm pumping 

45 chamber (26); 

drive means (94, 96, 100, 104, 110, 116) for 
causing relative motion of the first cylinder (32) 
and the first piston (38) and relative motion of the 
second cylinder (34) and second piston (40) to 

50 vary the volumes of the first and second flexible 
rolling diaphragm pumping chambers (24, 26); 
and 

valve control means for controlling the first (44) 
and second (46) valve means such that one of the 
55 first and second flexible passage sections is con- 
stricted at all times. 

6. The combination as claimed in claim 5, 
wherein the drive means comprises: 
a motor (94) and a cam shaft (96) driven by the 
so motor (94) and having cams (100, 104) for driving 
the first and second pistons (38, 40), and wherein 
the valve control means includes cams (98, 102) 
on the cam shaft (96) for driving the first and 
second valve means (44, 46). 
65 7. The combination as claimed in claim 5 or 6, 
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wherein the disposable pumping chamber (10) 
includes a third flexible rolling diaphragm 
chamber (28) between the second flexible rolling 
diaphragm pumping chamber (26) and the outlet 
(86a, 86b); and the pump (12) includes means 
(122, 124, 126, 128, 130, 132, 134) for sensing fluid 
pressure within the third flexible rolling dia- 
phragm chamber (28). 

Revendications 

1. Chambre de pompe monobloc jetable (10) 
dans laquel le un fluide est refoule d'un orifice 
d'entree (82a, 82b) a un orifice de sortie (86a, 
86b), caract§ris6e en ce qu'elle comporte une 
premiere partie (10b) en une matiere flexible et 
une seconde partie (10a) formant entre elles un 
passage principal etanche (80a, 80b) qui va de 
I'orifice d'entree (82a, 82b) a i'orifice de sortie 
(86a, 86b), ce passage (80a, 80b) comportant une 
premiere chambre de refoulement (24) a mem- 
brane flexible retroussable et une seconde cham- 
bre de refoulement (26) a membrane flexible re- 
troussable, cette seconde chambre (26) etant dis- 
posee entre la premiere (24) et I'orifice de sortie 
(86a, 86b), la premiere partie (10b) en matiere 
flexible comportant une premiere membrane 
flexible retroussable qui fait saillie vers I'exterieur 
en formant la premiere chambre (24) et une 
seconde membrane flexible retroussable qui fait 
saillie vers I'exterieur en formant la seconde 
chambre (26), le passage principal (80a, 80b) 
comportant, entre I'orifice d'entree (82a, 82b) et la 
premiere chambre (24) un premier troncon flexi- 
ble capable d'etre Strangle de facon a limiter 
I'ecoulement entre ladite premiere chambre (24) 
et ce orifice d'entree (82a, 82b) et, entre cette 
premiere chambre (24) et la seconde (26), un 
second trongon flexible capable d'§tre Strangle* de 
maniere a limiter le passage du fluide entre cette 
seconde chambre (26) et la premiere (24), 

2. Chambre de pompe jetable comme reven- 
dique dans la revendication 1 et comportant par 
ailleurs une troisieme chambre (28) a membrane 
flexible retroussable, disposed entre la seconde 
chambre de refoulement (26) et I'orifice de sortie 
(86a, 86b). 

3. Chambre de pompe jetable comme reven- 
diquS dans Tune des revendications prScSdentes 
et comportant encore un tuyau d'entree (24) dont 
une extremite est fixee hermetiquement entre les 
premiere et seconde parties (10b, 10a), a I'orifice 
d'entree (82a, 82b) de cette chambre monobloc 
(10) et un tuyau de sortie (16), dont une extr6mft6 
est fixee hermetiquement entre ces premiere et 
seconde parties (10b, 10a), a I'orifice de sortie 
(86a, 86b) de ladite chambre jetable (10). 

4. Chambre de pompe jetable comme reven- 
diquS dans Tune queiconque des revendications 
precedentes et caracterisee en outre en ce que les 
premiere et seconde parties (10b, 10a) forment 
une premiere aile d'un cote du passage principal 
(80a, 80b) et une seconde aile du cdt6 oppose de 
ce passage (80a, 80b). 

5. Combinaison d'une pompe de chambre jeta- 



ble comme revendique dans Tune queiconque 
des revendications pnScSdentes avec une pompe, 
caracterisee en ce que cette pompe comporte 
un corps (18, 22, 23) destine a loger la chambre 
5 jetable (10); 

un premier cylindre (32) dans ce corps, dispose 
de maniere a loger la premiere chambre (24) a 
membrane flexible retroussable; 
un second cylindre (34) dans ce corps, dispose 
10 de facon a loger fa seconde chambre (26) a 
membrane flexible retroussable; 

un premier piston (38) qui peut etre d6place 
dans ce premier cylindre (32); 
un second piston (40) qui peut etre deplace 
16 dans ce second cylindre (34); 

un premier organe obturateur (44) destine a 
serrer de maniere reliable le premier trongon 
flexible du passage de maniere a regler le debit 
du fluide entre I'orifice d'entree (82a, 82b) et cette 
20 premiere chambre (24); 

un second organe obturateur (46) destine a 
serrer de maniere reglable le second troncon 
flexible du passage de facon a regler le debit du 
fluide entre ladite premiere chambre (24) et la 
25 seconde (26); 

un mecanisme d'entraTnement (94, 96, 100, 104, 
110, 116) provoquant un deplacement relatif du 
premier cylindre (32) et du premier piston (38) et 
un deplacement relatif du second cylindre (34) et 
30 du second piston (40), de maniere a faire varier 
les- volumes des premiere et seconde chambres 
(24, 26); et 

un mecanisme de commande des organes ob- 
turateurs, destine a actionner ces premier (44) et 
35 second (46) obturateurs de maniere que I'un des 
premier et second trongons flexibles du passage 
soit Strangle a tout moment. 

6. La combinaison telle que revendiquee dans 
la revendication 5, dans laquelle le mecanisme 

40 d'entrainement comprend 

un moteur (94) et un arbre a cames (96) entralnS 
par ce moteur et portant des cames (100, 104) 
destinees a actionner le premier et le second 
piston (38, 40) et dans lequel le mecanisme de 

45 commande des obturateurs comporte des cames 
(98, 102) montSes sur cet arbre (96) et destinies a 
actionner ces premier et second obturateurs (44, 
46). 

7. La combinaison telle que revendiquSe dans 
60 la revendication 5 ou 6, dans laquelle la chambre 

de pompe jetable (10) comporte une troisieme 
chambre (28) a membrane flexible retroussable 
entre la seconde chambre de refoulement (26) et 
I'orifice de sortie (86a, 86b), et la pompe comporte 
55 des 6i6ments (122, 124, 126, 128, 130, 132, 134) 
destines a deceler la pression du fluide dans cette 
troisieme chambre (28). 



60 Patentanspruche 

1. Eine Einheit bildende Einweg-Pumpen- 
kammer (10), durch welche ein Fluid von einem 
Einlafi (82a, 82b) zu einem AuslaB (86a, 86b) 
65 gepumpt wird, dadurch gekennzeichnet, daft die 
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Einweg-Pumpenkammer (10) einen ersten Ab- 
schnitt (10b) aus flexiblem Material und einen 
zweiten Abschnitt (10a) aufweist, die zwischen 
sich einen sich vom Einlaft (82a, 82b) zum Auslaft 
(86a, 86b) erstreckenden, abgedichteten Haupt- 5 
stromungskanal (80a, 80b) bilden, wobei der ab- 
gedichtete Hauptstromungskanal (80a, 80b) 
eineerste flexible Rollmembran-Pumpenkammer 
(24) und eine zweite flexible Rollmembran-Pum- 
penkammer (26) aufweist, wobei die zweite flexi- w 
ble Rollmembran-Pumpenkammer (26) zwischen 
der ersten flexiblen Rollmembran-Pumpen- 
kammer (24) und dem Auslaft (86a, 86b) ange- 
ordnet ist, und wobei der erste Abschnitt (10b) 
aus flexiblem Material eine erste flexible, sich zur 15 
Bildung der ersten flexiblen Rollmembran-Pum- 
penkammer (24) nach auften erstreckende Roll- 
membran sowie eine zweite, sich zur Bildung der 
zweiten flexiblen Rollmembran-Pumpenkammer 
(26) nach auften erstreckende flexible Roll- 20 
membran aufweist, der Hauptstromungskanal 
(80a, 80b) einen ersten flexiblen Durch- 
laftabschnitt zwischen dem Einlaft (82a, 82b) und 
der ersten flexiblen Rollmembran-Pumpen- 
kammer (24) besitzt, welcher zum Zwecke der 25 
Stromungsbegrenzung zwischen der ersten flexi- 
blen Rollmembran-Pumpenkammer (24) und dem 
Einlaft (82a, 82b) beschrSnkbar ist, und der Haupt- 
stromungskanal (80a, 80b) einen zweiten flexiblen 
DurchlalSabschnitt zwischen der ersten und zwei- 30 
ten flexiblen Rollmembran-Pumpenkammer (24, ... 
26) besitzt, welcher zum Zwecke der Fluid- 
stromung zwischen der zweiten flexiblen Roll- 
membran-Pumpenkammer (26) und der ersten 
flexiblen Rollmembran-Pumpenkammer (24) be- 35 
schrankbar ist. 

2. Einweg-Pumpenkammer nach Anspruch 1, 
gekennzeichnet durch eine dritte flexible Roll- 
membrankammer (28), die zwischen der zweiten 
flexiblen Rollmembran-Pumpenkammer (26) und 40 
dem Auslaft (86a, 86b) angeordnet ist 

3. Einweg-Pumpenkammer nach einem der vor- 
hergehenden Anspruche, gekennzeichnet durch 
eine Einlaftrdhre (24), die mit einem Ende 
zwischen dem ersten und zweiten Abschnitt (10b, 45 
10a) am Einlaft (82a, 82b) der Pumpenkammer 

(10) durch Siegeln verbunden ist, und durch eine 
Auslaftrohre (16), die mit einem Ende zwischen 
dem ersten und zweiten Abschnitt (10b, 10a) an 
dem Auslaft (86a, 86b) der Pumpenkammer (10) 50 
durch Siegeinverbunden ist 

4. Einweg-Pumpenkammer nach einem dervor- 
hergehenden Anspruche, dadurch gekennzeich- 
net, daft der erste und zweite Abschnitt (10a, 10b) 
einen ersten Flansch auf einer Seite des Haupt- 55 
strdmungskanals (80a, 80b) und einen zweiten 
Flansch auf einer gegenuberliegenden Seite des 



Hauptstr6mungskanals (80a, 80b) bilden. 

5. Kombination einer Einweg-Pumpenkammer 
nach einem der vorhergehenden AnsprQche mit 
einer Pumpe, dadurch gekennzeichnet, daft die 
Pumpe 

— ein Pumpengehause (18, 22, 23) zur Auf- 
nahme der Einweg-Pumpenkammer (10), 

— einen im Gehause zur Aufnahme der ersten 
flexiblen Rolimembran (24) angeordneten ersten 
Zylinder (32), 

— einen im Pumpengehause zur Aufnahme der 
zweiten flexiblen Rolimembran (26) angeordne- 
ten zweiten Zylinder (34), 

— einen im ersten Zylinder (32) beweglichen 
ersten Kolben (38), 

— einen im zweiten Zylinder (34) beweglichen 
zweiten Kolben (40), 

— ein erstes Ventil (44) fur ein gesteuertes Ein- 
schnuren des ersten flexiblen Durchlaftabschnitts 
zweckes Regelung der Fluidstromung zwischen 
dem Einlaft (82a, 82b) und der ersten flexiblen 
Rollmembran-Pumpenkammer (24), ein zweites 
Ventil (46) fur eine gesteuerte Einschnurung des 
zweiten flexiblen Durchlaftabschnitts zwecks Re- 
gelung der Fluidstromung zwischen der ersten 
flexiblen Rollmembran-Pumpenkammer (24) und 
der zweiten flexiblen Rollmembran-Pumpen- 
kammer (26), 

— einen Antrieb (94, 96, 100, 104, 110, 116) fur 
eine Relativbewegung des ersten Zylinders (32) 
und des ersten Kolbens (38) und eine Relativ- 
bewegung des zweiten Zylinders (34) und des 
zweiten Kolbens (40) zur Veranderung der Volu- 
mina der ersten und zweiten flexiblen Roll- 
membran-Pumpenkammer (24, 26), und 

— eine Ventiisteuerungseinrichtung zur Steue- 
rung des ersten und zweiten Ventils (44, 46) 

aufweist, derart, daft einer der beiden flexiblen 
Durchlaftabschnitte zu jeder Zeit eingeschnurt ist. 

6. Kombination nach Anspruch 5, dadurch ge- 
kennzeichnet, daft der Antrieb einen Motor (94) 
und eine Nockenwelle (96) umfaftt, welche durch 
den Motor (94) angetrieben ist und Nocken (100, 
104) fur den Antrieb des ersten und zweiten 
Kolbens (38, 40) umfaftt, und daft die Ventii- 
steuerungseinrichtung Nocken (98, 102) auf der 
Nockenwelle (96) fur den Antrieb des ersten und 
zweiten Ventils (44, 46) aufweist. 

7. Kombination nach Anspruch 5 oder 6, da- 
durch gekennzeichnet, daft die Einweg-Pumpen- 
kammer (10) eine dritte flexible Rollmembran- 
Kammer (28) zwischen der zweiten flexiblen Roll- 
membran-Pumpenkammer (26) und dem Auslaft 
(86a, 86b) umfaftt, und daft die Pumpe (12) Ein- 
richtungen (122, 124, 126, 128, 130, 132, 134) fOr 
die Ermittlung des Fluiddrucks innerhalb der drit- 
ten flexiblen Rollmembran-Kammer (28) aufweist 
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